Background: Aging is characterized by an insidious decline in cognitive function. Several genetic and lifestyle factors have been implicated in the increased risk or early onset of dementia Aim: We sought to assess the role of tumor necrosis factor (TNF) and angiotensin-converting enzyme (ACE) polymorphisms on the development of impaired mental health in respect to indices of arterial aging in nonagenarian individuals. Design: 178 consecutive subjects above 75 years that permanently inhabit in the island of IKARIA, Greece were recruited. Methods: Aortic distensibility (AoD) was calculated and genetic evaluation was performed on the ACE Insertion/Deletion gene polymorphism (intron 16) and the G/A transition (position -308) of the TNF gene. Cognitive function was evaluated using the Mini-mental State Examination (MMSE). Results: The DD genotype for ACE was independently associated (b ¼ À0.44, P ¼ 0.007) with AD while AoD remained an independent determinant of mental status (OR ¼ 1.82, P ¼ 0.036). Interestingly though, when a combined genetic index (GI) was calculated for both genes (ACE and TNF), subjects being double homozygous (DD for ACE and GG for TNF) for these loci presented significantly decreased MMSE (adjusted OR ¼ 0.259, P ¼ 0.033). This GI independently associated with AD (beta coefficient ¼ À0.785, P ¼ 0.002). When AoD was included, GI lost its predictive role (OR ¼ 0.784, P ¼ 0.783) towards MMSE. AoD has marginal indirect mediating effect in the association of the GI with MMSE (P ¼ 0.07). Conclusion: Vascular aging may modulates the genetic substrate of elderly subjects on the risk for developing dementia.
Introduction
Aging is characterized by an insidious decline in cognitive function that is linked with functional deterioration in the prefrontal brain region. 1 As a consequence, difficulty in memory recall for past choices and autobiographical information and impairment in orientation and self-management might be associated with deprivation and social isolation of elderly subjects. 1, 2 Mental health status remains the most important component of quality of life for elderly populations. 3 Several genetic and lifestyle factors have been implicated in the increased risk or early onset of dementia, due to effects on endothelium function, arterial elastic properties, increased deposition of amyloid on brain tissue, or via activation of inflammatory, apoptic and oxidative processes. [4] [5] [6] Among other genetic factors, tumor necrosis factor (TNF)_308 G4A promoter gene polymorphism has been associated with age-related dementia among elderly populations, with elderly individuals having the AG phenotype showing decreased inflammatory response and lower rates of dementia. 7, 8 Additionally, angiotensin-converting enzyme gene (ACE) insertion/deletion (I/D) polymorphism has been linked to sporadic Alzheimer's disease; while recent studies have implicated ACE inhibition with reduced rates of cognitive decline, but the established data remain controversial. 9 Late onset
Alzheimer's disease, late onset mixed Alzheimer's and vascular dementia and other late onset dementias are the major compounds of age-related dementia. 10 Although the distinction between those two entities is unclear, it has been shown that vascular function and lifestyle habits play an important role. In a previous study of the same cohort, aortic stiffness, evaluated by echocardiography, was independently associated with poor mental health.
11
The purpose of this study was to evaluate the role of TNF-a and ACE genes polymorphisms on the development of impaired mental health in respect to indices of arterial aging and other lifestyle factors, in nonagenarian individuals from IKARIA island, one of the places with the highest universally rates of longevity.
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Materials and methods
Sample of the IKARIA study
The IKARIA study is a cross-sectional survey that has been carried out in the Province of IKARIA Island, Greece, from June 2009 to October 2009. During this period, 673 elderly men and women (328 men, mean age 75 6 7 years, and 339 women, mean age 75 6 6 years), all permanent inhabitants of the island, were voluntarily enrolled (the participation rate was 673 out of the 800 elderly individuals). This analysis is focused in 178 consecutive elderly participants above the age of 75 years old. All participants were interviewed by trained professionals (i.e. cardiologists, general practitioners and nurses) who used a standard questionnaire developed for the purposes of the study. Details about the study have already been presented in the literature. 1 All measurements were obtained at the same session.
Bioethics
The study was approved by the Medical Research Ethics Committee of our Institution and was carried out in accordance with the Declaration of Helsinki (1989) of the World Medical Association. All participants informed about the aims of the study, agreed to participate and signed an informed consent.
AoD assessment
Standard transthoracic echocardiographic examination was carried out by the same experts, at the same day with the other clinical measurements, in a dimly light room using a Vivid e cardiovascular ultrasound system (General Electric, Milwaukee, WI, USA) equipped with a 2.0-3.6 MHz (harmonics) phasedarray transducer. Aortic diameters, in systole and diastole, were measured using 2D depiction from the left parasternal axis at a level 3 cm above the aortic valve. AoD was calculated from the aortic diameters and aortic pressure or brachial artery pressure using the formula 14 :
2 Â ðD aortic diameterÞ=ðdiastolic aortic diameterÞ Â ðD aortic pressureÞ;
where D is the difference between aortic diameter and aortic pressure, respectively.
Mental health assessment
Cognitive function was evaluated using the Mini-mental State Examination (MMSE) translated and validated in Greek language; which has been widely used in epidemiological studies 15, 16 and consists of a list of questions, allowing a maximum score of 30.
The MMSE was performed by experienced physicians and nurses that participated as field investigators in the study. Cognitive impairment was defined as score below 24. 16 Global depression score was assessed using the validated Greek translation of the shortened, self-report, Geriatric Depression Scale (GDS), where symptoms of depression during the past month were evaluated. 17 The continuous GDS was implemented in all subsequent analyses as a more accurate index of the magnitude of the depression symptoms in the recruited subjects.
Socio-demographic and lifestyle measurements
As proxies of social status, mean annual income during the past 3 years and the educational level of the participants in years of school were recorded. Current smokers were defined as those who smoked at the time of interview; former smokers were defined as those who had stopped smoking for at least one year and the rest were defined as non-current smokers. Physical activity was evaluated using the shortened version of the selfreported International Physical Activity Questionnaire (IPAQ), which has been validated for the Greek population. 18 Participants who did not report any physical activities or reported very low (i.e. <600 MET/min/week) were defined as physically inactive, while the rest were defined as at least, minimally active.
Dietary assessment
Dietary assessment was based on a validated and reliable food frequency questionnaire that has been developed for elderly populations 19 and has been used in previous publications of the same study. [11] [12] [13] Overall assessment of dietary habits was evaluated through a special diet score (the MedDietScore, theoretical range 0-55), which assesses adherence to the Mediterranean dietary pattern.
Clinical and biochemical characteristics
Weight and height were measured following standard procedures and body mass index (BMI) in kg/m 2 was calculated.
Obesity was defined as a BMI > 29.9 kg/m 2 . Resting arterial blood pressure was measured three times in the right arm, at the end of the physical examination with subject in sitting position. Fasting blood samples were collected from 08.00-10:00 h. All the biochemical evaluation was carried out in the same laboratory that followed the criteria of the World Health Organization Reference Laboratories. Hypercholesterolemia, diabetes mellitus and renal insufficiency were defined according well-known criteria used in several other publications of the same study.
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Genetic evaluation
The ACE I/D gene polymorphism at intron 16 
Statistical analysis
All normally distributed data are expressed as mean 6 SD. Normal distribution of the data was assessed by the Kolmogorov-Smirnov test or graphically inspected by P-P plots. Data with a non-normal distribution were log-transformed to approximate normality prior to parametric testing and are expressed as median (IQR) in descriptive analyses. Categorical variables are expressed as percentage. Comparisons between parameters of interest in study patients were performed using independent sample t-test or Mann-Whitney non-parametric test for continuous variables and chi-squared test for nominal ones. Multivariable linear regression analysis was performed to assess the association between genetic profile, confounders of biological plausibility and MMSE. Logistic regression analysis was performed to assess the risk for impaired MMSE (as lowest tertile) compared with the higher tertiles. Multivariable regression models for main endpoints were built under Collett's selection technique 23 . Certain variables of biological interest (i.e. age)
were forced to be included in the final models. The interaction between genetic substrate and potential effect modifiers (i.e. gender) in association with MMSE was statistically tested by introducing interaction-terms into the regression models, and none of them were found to be statistically significant at P < 0.05 level. To avoid over-fitting of our final multivariable logistic model, re-sampling techniques were implemented (i.e. bootstrapping with 1000 replications) to derive bias corrected confidence intervals. A Sobel-Goodman test was implemented to test whether AoD mediates the impact of the genetic substrate to the dependent variable of interest (i.e. mental status). Statistical analysis was performed by STATA package, version 11.1 (StataCorp, College Station, TX USA). We deemed statistical significance at a ¼ 0.05.
Results
Descriptive characteristics of our study's population as allocated in two subgroups (males vs. females), are summarized in Table 1 . Female participants tended to be older than male counterparts and to present increased prevalence of hypertension and depression (GDS). In contrast, women showed lower smoking prevalence, had lower rates of diabetes mellitus [DMII] and presented decreased physical activity, lower adherence to Mediterranean Diet, impaired GFR and MMSE scores. As far as genetic traits are concerned, the allelic DD tended to have higher prevalence in the women of our study as compared with male subjects. Patients with impaired cognitive function (MMSE < 24) presented increased GDS (P ¼ 0.003). When the analysis MMSE, mini-mental score; BMI, body mass index; DMII, diabetes mellitus; GFR, glomerular filtration rate; ACE, angiotensin converting enzyme; IPAQ, international physical activity questionnaire; TNF-a, tumor necrosis factor-a; GDS, global depression score.
was stratified by gender, GDS was correlated with MMSE < 24 in women (P ¼ 0.042) but not in corresponding men (P ¼ 0.101). Our study's population was in Hardy-Weinberg equilibrium for allele and genotype frequencies at ACE loci. In detail, the observed genotype for ACE were II ¼ 21.51%, ID ¼ 27.33% and DD ¼ 51.16% and allele frequency for 'I' was 47.1% and for 'D' was 52.9% (chi squared test for deviation from Hardy-Weinber equation, P ¼ 0.199). In contrast, non-parametric chi squared test indicated a significant deviation from the Hardy-Weinberg equilibrium for the genetic structure of our population at TNF (P ¼ 0.004). The observed genotypes for TNF were GG ¼ 53.5, AG ¼ 45.9 and AA ¼ 0.0% and allele frequency for TNF was 76.9% for 'G' and 23.1% for 'A'.
The DD genotype for ACE gene inversely correlated in the overall population (n ¼ 178) with dyslipidemia (rho ¼ À0.27, P ¼ 0.01) and AoD (rho ¼ À0.24, P ¼ 0.018). After adjustment for various confounders (i.e. age, gender, smoking, BMI), the DD genotype was independently associated with dyslipidemia (OR ¼ 0.314, P < 0.001) and decreased by 68.6% the odds of having this metabolic disorder. When univariate associations were explored separately in each sex, ACE was inversely associated with dyslipidemia (rho ¼ À0.41, P ¼ 0.026) and HOMA (rho ¼ À0.45, P ¼ 0.014) in men. The association of the DD genotype with HOMA in men remained significant (b ¼ À0.47, P ¼ 0.016) after taking into account age, BMI, dyslipidemia, smoking and hypertension. Most importantly, the DD genotype for ACE was independently associated (b ¼ À0.44, P ¼ 0.007) with AD after adjusting for various confounders (i.e. age, gender, BMI, smoking, dyslipidemia and hypertension). When further adjustment for GFR was performed, the association of ACE with AD remained significant (b ¼ À0.387, P ¼ 0.022) (Figure 1) In contrast, the GG genotype for TNF gene was not associated with the various parameters of our study (P > 0.05 for all). Interestingly though, when a combined genetic index (GI) was calculated for both genes (ACE and TNF), subjects being double homozygous (DD for ACE and GG for TNF) for these loci presented significantly decreased MMSE. In detail, GI decreased almost 4-fold the odds of having a normal MMSE (i.e. over 24) after taking into account differences in age, gender, smoking status, continuous GDS, DMII and previous stroke (Table 3) . When additional adjustment was performed for hypertension, the GI remained an independent predictor for MMSE score (OR ¼ 0.281, 95% CIs 0.08-0.984, P ¼ 0.047). The association of GI with mental status was not substantially altered when physical activity or education status were incorporated in the final multivariable model (P < 0.05 for both).
On the other hand, AoD was associated with normal mental status (i.e. MMSE > 24) (OR ¼ 1.69, 95% CIs 1.09-2.6, P ¼ 0.018). When adjustment was performed (age, sex, hypertension, previous stroke, dyslipidemia, continuous GDS and smoking), AoD remained an independent determinant of cognitive status (OR ¼ 1.82, 95% CIs 1.039-3.19, P ¼ 0.036). In addition, the GI was independently associated with AoD (beta coefficient ¼ À0.785, P ¼ 0.002). Therefore, AoD was forced included in the aforementioned multivariable model towards MMSE and GI lost its predictive role (OR ¼ 0.784, 95% CIs 0.139-4.42 P ¼ 0.783). Variance inflation factors (VIF) value for the simultaneous regression of MMSE on GI and AD was 1.1. A Sobel-Goodman test indicated a marginal indirect mediating effect for AoD in the association of the GI with mental health (beta ¼ À0.069, P ¼ 0.07).
Discussion
In this elderly cohort with known genetic polymorphisms, ACE gene was associated with HOMA and AoD; while the TNF gene showed no significant association. Interestingly though, when a combined GI was calculated for both genes (ACE and TNF), subjects being double homozygous (DD for ACE and GG for TNF) for these loci presented significantly decreased MMSE. In detail, the GI decreased almost 4-fold the odds of having a normal MMSE (i.e. over 24) after taking into account differences in age, gender, smoking status, GDS, DMII and previous stroke. Importantly, the GI determined MMSE independently of underlying depression disorder (GDS), excluding the potential confounding of our results by pseudo-dementia (i.e. patients who are depressed and hence scored <24 on MMSE, blunting the real impact of genetic substrate on cognitive function). On the other hand, AoD was associated with cognitive function (evaluated by Table 2 . MMSE score) as well and when added in the fully adjusted model, the presence of GI lost its predictive role for impaired cognitive function. Additionally, mediation analysis further confirmed a marginal indirect mediating effect for AoD in the association of the GI with mental health (Figure 2 ). Arterial aging has been recognized to play an important role in the development and progression of cardiovascular disease. During the aging and across the continuum of the atherosclerosis process, a progressive stiffness, dilatation and lengthening of the arteries has been reported; thus low AoD has long been recognized as an indicator of atherosclerosis and future cardiovascular events. 24 Furthermore, arterial stiffness causes adverse consequences on blood pressure transmission through aorta and cardiac function, leading to brain, among other organs, hypoperfusion, fibrotic penetration of small cerebral vessels and augmentation of vascular resistance. 25 Pulse pressure (PP)
consists a simple non-invasive approach for the evaluation of aortic distensibility (AoD), representing the increase in cardiac afterload due to an augmented systemic resistance and the increased reflection wave of the transmitted pulse due to lower arterial compliance. 26 Benetos et al., 27 in a total of 873 subjects aged 87 6 5 years from the PARTAGE cohort, indicated that the higher the aortic stiffness, the more pronounced the decline in cognitive function observed during the 1-year of follow-up. Additionally, other invasive studies have reported that arterial stiffness predicts cognitive decline in elderly individuals. 11, 28 In a previous study in the same cohort of patients, aortic stiffness, non-invasive evaluated by PP or AoD, showed a significant correlation with mental status of the elderly individuals enrolled, irrespective of cardiovascular risk factors, education, physical activity status and cardiovascular disease. 26 In diabetic patients, subjects with poor glycemic control and diabetic foot presented both increased arterial stiffness and decreased MMSE. 29 Given that in our study, the combined GI was associated with cognitive dysfunction independently of the diabetes status of the subjects, the role of genetic factors in the progression of cognitive impairment should be further upgraded in the elderly. Finally, a recent study of middle-aged subjects did not establish a correlation of BP with global cognition but indices of aortic elastic properties such as augmentation index and PP amplification were associated with impaired executive function and language deficits. 30 Among lifestyle factors, regular physical activity has long been related with decreased risk or delay in onset of dementia, due to its protective effect on vascular endothelium aging. 25 Furthermore, lower education status, smoking habits and low BMI have been associated with dementia risk. 31 Interestingly, the association of the GI with mental status in the present study was independent of known confounders, including traditional risk factors and indices of physical activity, socioeconomic status and psychological traits. In a recent meta-analysis with over 5000 subjects, hypertension, metabolic syndrome, smoking, stress, type 2 diabetes mellitus, low education and depression significantly increased the susceptibility to Alzheimer's disease but our results confirmed the association of the GI with mental status independently of the aforementioned risk factors. 32 In the same meta-analysis, carotid atherosclerosis was also identified as a significant adverse risk factor for developing dementia and the mediation analysis implemented in our study further established the interaction between genetic substrate and vascular aging towards impaired cognitive function. Accumulating evidence suggests a genetic predisposition to the occurrence of dementia. Especially ACE I/D polymorphism has long been linked to sporadic Alzheimer disease, 33 although some results remain controversial. A recent meta-analysis indicated that the ACE I/D polymorphism is unlikely to be a major determining factor in the development of dementia but suggested larger sample studies in order to derive safe conclusions. 9 As far as TNF-a polymorphism is concerned; previous studies have revealed that an increase in A allele predisposes to higher occurrence of dementia, possibly by increasing the magnitude of inflammation and circulating levels of TNF-a. 34 Our study seems to be in partial concordance with previous knowledge and one step beyond, indicates that distinct combination of genotypes for both genes (double homozygous DD for ACE and GG for TNF) are independently associated with decreased MMSE. Cognitive decline comes as a result of a complex process involving several inflammatory, oxidative, apoptotic pathways and the combination of genotypes might be more flexible and powered to capture multi-factorial human diseases such as cognitive dysfunction. Epidemiological studies have implemented the identification of a panel of genetic polymorphisms in order to derive inference about the contribution of genetic factors on diseases under consideration. Recent studies have used combination of several genotypes to illustrate pathophysiological manifestations and tissue specialization on clinical outcomes and these combinations have included simultaneously the ACE and the TNF polymorpism. 35, 36 Along this line, a recent metaanalysis has established a concomitant association of both ACE and TNF with the incidence of asthma. 37 In this work, the combined GI significantly decreased the odds of normal cognitive function while in the same time was associated with AoD. Taking into account the blunting of the association of the GI with MMSE after considering the mediating effect of AoD, it seems that the impact of arterial aging could outweigh the existence of genetic predisposition to dementia. This could also partially explain the controversial results of several studies on the role of ACE polymorphisms on dementia risk. As arterial aging, beyond biological age, is related with cardiovascular risk factors and lifestyle habits, the application of prevention strategies even in elders may prevent or delay the appearance of cognitive impairment and preserve quality of life in this group. Although the reduction of aortic stiffness will diminish pulsatile pressure through cerebral vasculature, it is not clear if this downregulation will also have beneficial effect on brain aging. This may represent an interesting field for future investigation. Certain limitations should be acknowledged in our study. First, the cross-sectional design of this work does not permit for causal inferences about the relationship between AoD, genetic polymorphism and cognitive function. Second, the mechanical behavior of large arteries is extremely complex, and rather limited due to theoretical and technical aspects. Third, the equation used to derive AoD was based on both echocardiographic measurements of aortic dimensions and arterial blood pressure levels and represents regional AoD and not central aortic elastic properties, while the measurement of arterial pressure was performed at only one visit. Furthermore, MMSE was implemented as a dichotomous (i.e. below and over 24) variable in our study and this could have introduced some bias in the association between genetic factors and mental health in elderly with normal MMSE >24 but impaired cognitive function. However, the selected cut-off is widely used and extensively validated in previous studies. 38, 39 Finally, no one of the participants had received a formal diagnosis of dementia at the time of enrollment and/or assessment by the field investigators. Further studies in octogenarians with dementia diagnosis are warranted in order to validate our findings and strengthen the vascular and neuroinflammatory hypothesis of cognitive impairment.
In conclusion, vascular aging might modulate the impact of the genetic substrate of elderly subjects on the risk for developing significant decline in the cognitive function. As advances in technology are expected to render genotyping more reliable and feasible under clinical settings, the combined assessment of more than one genetic loci which are linked to deteriorating mental status would permit early identification of elderly subjects with increased risk for dementia. More importantly, noninvasive evaluation of subclinical atherosclerosis in selected subjects with susceptible genetic substrate could offer incremental value in secondary prevention and intensified modification of risk factors in order to decelerate the progression of dementia in this rapidly expanding group of population.
